Expanded poly(tetrafluoroethylene) fibers were surface modified using an ultraviolet-activated mercury/ammonia reaction to yield amine-func tional groups for the coupling of laminin-derived cell adhesive peptides CYIGSR, CDPGYIGSR, CIKV A V, and CQAASIKV A V.a Surface elemental composition, determined by X-ray photoelectron spectroscopy, and radiolabeling data indicated that the amount of peptide introduced was approxi mately equivalent regardless of peptide type, yet mixed peptide surfaces had -60% YIGSR and 40% IKVA V. The peptide-modified surfaces were com pared in terms of the response of dorsal root gan glia with neurite length and number of cells attached to each fiber measured. All peptide functionalized surfaces had a greater cellular re sponse than the aminated ePTFE and ePTFE con trols. Surfaces modified with extended peptide sequences CDPGYIGSR and CQAASIKV A V dem onstrated a greater cellular response than those modified with the shorter peptide sequences CYIGSR and CIKV A V, respectively, likely because the extended peptides more closely mimic the three-dimensional conformation that the peptides maintain in laminin. Differences in neurite exten sion were evident among the peptide-function alized surfaces, with the longest neurites observed From the 'Department of Chemical Engineering and Applied Chemistry, "Institute of Biomaterials and Biomedical Engineering, and trJepartment of Chemistry, University of Toronto, Toronto, Ontario, Canada.
on surfaces modified with both CQAASIKV A V and CDPGYIGSR. The "guidance capacity" of the fibers as a function of fiber diameter was investi gated in terms of length and directionality of neu rite outgrowth. As fiber diameter decreased (from 100+ to 10 pm), the neurites tended to grow to a greater degree down the length of the fiber. The thinnest fibers (with diameters <20 pm) extended shorter neurites than the fibers with a wider diam eter. Combining neurite length with guidance in dicated that of the fiber diameters investigated, the optimal fiber diameter for neurite guidance was be tween 30 and 50 pm.
S
pinal cord injury is a devastating disorder of the central nervous system for which there is no cure and only limited therapeutic ap proaches available.
l Unlike injury to the pe ripheral nerve, where spontaneous regeneration oc curs, central nervous system axons do not regenerate spontaneously for a variety of reasons, including the presence of chemical and physical barriers to regen eration. Thus, functional recovery after central ner vous system injury is limited. Central nervous sys tem axons have been shown to regenerate in a peripheral nerve graft or in an environment that mimics that of the peripheral nerve.
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To capitalize on these results, we are investigat ing an entubulation strategy for spinal cord injury repair, where the nerve ends are inserted into those of the tube, which then serves as a nerve guidance channel for regeneration. The entubulation strategy in the spinal cord builds on similar strategies for pe ripheral nerve repair. 3 Several factors can be in cluded in the nerve guidance channel, including physical and chemical stimuli to promote axon elon gation and repair. In an attempt to combine physical and chemical stimuli, we describe herein the peptide functionalization of thin fibers, where axons are stimulated chemically by the peptides and physically by the fiber diameter. Furthermore, by increasing the number of fibers incorporated within the tube, the surface area available for regeneration increases. This concept builds on previous research where poly(L lactide) microfilaments coated with laminin pro moted longitudinally oriented neurites in vitro, pro vided guidance cues in vivo for axon growth, and improved functional recovery in the peripheral nerve. 4 Similarly, collagen filaments were implanted between nerve stumps to serve as a bridge for pe ripheral nerve repair. Myelinated axons of the rat sciatic nerve regenerated across 20-mm collagen fila ments, yet the mean nerve fiber diameter was sig nificantly smaller in the collagen nerve guide than in the autograft group at 8 weeks after surgery.5 We propose to approximate the extracellular environ ment by coupling the laminin-derived peptides CYIGSR, CIKV A V, CDPGYIGSR, and CQAASIKV A V to the expanded poly(tetrafluoroethylene) (ePTFE) fi bers' surfaces.
Fluoropolymers such as ePTFE are advanta geous, because their surface properties can be con trolled and they are used in clinical applications. Specifically, fluoropolymers are advantageous be cause we can vary surface chemistry independently from surface morphology,6 which is advantageous because cells are known to respond to both physical and chemical stimuli. Whereas fluoropolymers are chemically inert, we took advantage of a relatively simple method 7 -an ultraviolet-activated mer cury / ammonia environment-to introduce amine functional groups to ePTFE fibers using a methodol ogy that we had previously described for the modi fication of a similar polymer, poly(tetrafluoroethyl ene-co-hexafluoropropylene). 8 Cell adhesion molecules consist of a diverse set of cell surface and extracellular matrix glycoproteins and affect cell interactions during the development, maintenance, and regeneration of the nervous sys tem. Specific cell surface receptors (i.e., integrins) bind to extracellular matrix proteins such as laminin, which influence cellular activities such as adhesion or migration, differentiation and polariry, prolifera tion or apoptosis, and gene expression. 9 The YIGSR sequence found on the 131 chain of laminin, has been shown to be active in promoting neural cell adhesion and outgrowth, whereas the IKV A V sequence found on the ex-chain of laminin has been found to promote neurite outgrowth. lO These laminin-derived peptides have been shown to be important for effecting the desired cellular response by others 1U2 as well as US. 13 ,14 By combining the neurite outgrowth-pro moting IKV A V peptide sequences with the cell adhesive YIGSR peptide sequences, we hypothesize a synergistic effect in terms of cellular response rela tive to that of either peptide alone. This builds on the knowledge that several receptors are responsible for mediating the cellular response to laminin. 1O , 15 We believe that by extending the traditionally used YIGSR and IKV A V peptide sequences to CDPGYIGSR and CQAASIKV A V, the three-dimen sional conformation of the active peptide sequences in the native laminin will be better replicated, which will, in tum, result in an increased cellular response. The diameter of the peptide-modified ePTFE fibers will be varied from less than 20 /.Lm to greater than 100 /.Lm in an attempt to determine the optimal fiber diameter for guidance. Because dorsal root ganglia (DRG) neurons extend axons randomly on a flat sur face, we expect that fiber diameter will influence neurite outgrowth, with fibers with a greater diam eter having a decreased influence on directionality relative to the narrower fibers. The range of fiber diameters (10-100+ !-Lm) was chosen because these diameters approximate the diameters of the radial fibers along which axons migrate during central ner vous system development. Three groups of fiber di ameters were compared for guidance capacity: 10 to 20 /.Lm, 30 to 50 /.Lm, and 100 to 125 /.Lm.
MATERIALS AND METHODS
Amination of Expanded Poly(Tetrafluoroethylene) Fibers (ePTFE-NH 2 )
All chemicals used in the fiber modification were purchased from Aldrich (Milwaukee, WI) and used as received unless otherwise specified. Expanded poly(tetrafluoroethylene) fibers were modified as we previously described for pol)T(tetrafluoroethylene co-hexafluoropropylene) films.s Briefly, ePTFE fibers of approximately 10 to 125 /.Lm in diameter (gift from Gore Hybrid Technologies) were Soxhlet extracted in tetrahydrofuran (THF) for 48 hours to remove any surface impurities. The fibers were then suspended inside a quartz Schlenk flask (VWR, Mississauga, Ontario, Canada) using a Teflon holding device as shown in Figure 1 and dried in an oven at no°c for 3 hours. A drop of mercury was added to the fiber containing flask which was then alternately evacu ated (P < 0.01 mm Hg) and purged with nitrogen four times to remove any air and residual moisture. anhydrous gaseous ammonia (99.99% purity, BOC; Etobicoke, Ontario, Canada) to 1 atm pressure and placed inside an ultraviolet reactor (Rayonet, Bran ford, CT) with eight 15-W mercury lamps at 254 nm and irradiated for 48 hours. On removal from the reactor, the fibers were immersed in deionized dis tilled water for 15 minutes, dried, and then stored in a desiccator under vacuum until further use. Deion ized distilled water was obtained from Millipore Milli-RO 10 Plus and Milli-Q UF Plus systems (Bed ford, MA) and used at 18 MO resistance.
Peptide Modification of Expanded Poly(Tetrafluoroethylene)-NH 2 Fibers (ePTFE-NH 2 -Peptide) Two milligrams of sulfo-succinimidyl 4-(N-maleimi domethyl)cyclohexane-l-carboxylate (SMCC) was dissolved in 10 ml of sodium carbonate-buffered pH 10 solution. Approximately 0.02 g of ePTFE-NH 2 fi bers were immersed in this solution and placed on a mechanical shaker (VWR) for 4 hours. The fibers were then thoroughly rinsed by vigorously shaking four times each with pH 10 sodium carbonate buffer, followed by a pH 4 dilute HCI solution and, finally, distilled water. The SMCC-activated fibers were then immediately immersed in a buffered pH 10 sodium carbonate solution containing 0.2 mg/mL of peptide (see below for details on peptide sequence) and mechanically shaken for 24 hours at room tempera ture. The fibers were then rinsed and shaken vigor ously five times each with the sodium carbonate buffer solution, dilute hydrochloric acid, distilled water, and THF and then dried under vacuum. The following peptides were used: CYIGSR, CSIKVA V, CDPGYIGSR, and CQAASIKV A V. Surfaces were modified either with each peptide type alone, with the CYIGSR/CIKVAV combination, or with the 310 CDPGYIGSR/CQAASIKV A V combination. Controls for the peptide coupling reaction were treated iden tically to samples, with the omission of the SMCC coupling reactiqn. Two controls were used: ePTFE and ePTFE-NH 2 fibers.
Characterization of Modified Expanded Poly(Tetrafluoroethylene) Fibers

Labeling Aminated Expanded Poly<tetrafluoroethylene) NH 2 Fibers
To determine the number of SMCC reactive amine groups present on the surfaces of ePTFE-NH2 fibers, they were labeled with trichlorobenzaldehyde under inert atmosphere. Approximately 0.02 g of ePTFE NH2 fibers were immersed in 20 ml of 0.012 M 2,3,5 trichlorobenzaldehyde solution in THF containing 1 ml pyridine (24 hours at room temperature). The fi ber samples were rinsed four times each in THF, methanol, and dichloromethane before drying under vacuum (P < 0.01 mm Hg). Unmodified and ami nated-and trichlorobenzaldehyde-modified fibers were then analyzed by X-ray photoelectron spectros copy (XPS). Unmodified ePTFE fibers were treated identically, thereby serving as controls.
X-Ray Photoelectron Spectroscopy
X-ray photoelectron spectroscopy data were col lected on a Leybold LH Max 200 using an MgKu X-ray source at 15 kV and 20 rnA emission current. An aperture size of 13 mm x 7 mm was used to collect data at takeoff angles of 90° between sample and detector. The spectra were then analyzed using MATLAB to determine the exact percentage of each element present on the fiber surface.
Quantification of Peptide Modification by Radiolabeling
The tyrosine (Y) of CYIGSR and CDPGYIGSR was labeled as previously described 16 with radioactive io dine (1 125 ). lodobeads (Pierce, Rockford, IL) were first activated for 15 minutes in a buffer containing 20 mM sodium phosphate and 0.15 M sodium chloride. Two milligrams peptide was then dissolved in 10 ml pH 10 sodium carbonate buffer and reacted with 0.5 mCi carrier-free NaI125 (Amersham Biopharma, Montreal, Quebec, Canada) in the presence of the Iodobeads. Free iodide was removed by successively injecting the solution on columns packed with anion exchange resin (Dowex l-X8; Aldrich). The SMCC coupled and ePTFE-NH 2 (control) fibers were im mersed in the iodinated peptide solution for 24 hours. The fibers were then rinsed with pH 10 so dium carbonate buffer, dilute He1, and distilled wa ter to remove adsorbed peptide and then addition ally rinsed with 10 mM sodium iodide to desorb any trace 1 125 before counting by scintillation. 1 l25 -radio labeled tyrosine of CYIGSR/COPGYIGSR was quan tified using a scintillation counter (LKB Wallac 1282 802 Universal g-Counter) with a 2-cm x 2-cm sodium iodide detector well of 80% efficiency.
Computer Modeling of Peptide Conformation
To determine the peptide sequence length required to approximate the conformation that YIGSR and IKVA V have in laminin, computer simulations were done using the CAChe program (Computer Aided Chemistry; Oxford Molecular Group). The CAChe program determines the most likely conformation that a molecule will have by calculating its free en ergy, adjusts the bond angle between an atom and its neighbors, and then recalculates the molecule's free energy. The CAChe program runs through several hundred or thousand different possible molecular conformations before selecting the one with the low est free energy.
Dorsal Root Ganglion Cell Culture
All chemicals and materials were purchased from Gibco (Burlington, Ontario, Canada) unless other wise specified, and all solutions were sterile filtered with 0.22 j.Lm cellulose acetate filters. HEPES buff ered Earles balanced salt solution was prepared by adding a 1.5 mM HEPES to 100 ml Earles balanced salt solution. Modified Puck solution was prepared from the following (all from Aldrich): NaCl (7.2 giL), KCI (0.4 giL), Na2HP04 (1.45 giL), NaH 2 P0 4 (0.204 giL), 0.2 ml of 0.5 wt% phenol red (Gibco), 1 ml of 10 wt% glucose, and 98.9 ml of distilled H 2 0. Cell cul ture media contained 97 ml Eagle minimum essential media, 1 ml sterile x100 glutamine, 1 ml sterile x100 penicillinI streptomycin, and 1 ml N2 supplement.
Embryonic day 9 White Rock Chick (Brampton Hatchery, Ontario, Canada) ORGs were dissected and purified to single cells as previously described.
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The cell solution was then diluted to a concentration of 2 x 10 4 cells/ml with cell culture media, and 20 ng/ml of nerve growth factor was added before plat ing the cells. The ePTFE-NH2-peptide fibers and con trols were disinfected by immersion in 70% ethanol for 30 minutes and then rinsed four times with sterile distilled water before air-drying. The fibers were aligned using a stainless steel device and placed in side tissue culture dishes precoated with a thin layer of agarose (1 wt%). The cells were then plated on the fibers and incubated at 37°C in 5% CO 2 for 2 days.
Characterization of the Cell-Fiber Interaction
The cell-fiber interaction was assessed after incubat ing the cells and fibers together for 1 and 2 days in terms of 1) the number of cells adhering to the fibers, 2) the length of extended neurites, and 3) the guid ance capacity of the fibers. Cells were fluorescently labeled with carboxyfluorescein diacetate succinim idyl ester (Cedarlane Laboratories
The average number of cells adhering to each fiber was determined for five fibers in three separate cultures for each of the peptide combinations and also for the unmodified ePTFE and ePTFE-NH2 fiber controls. The average length of neurite outgrowth was determined from 50 cells for each of three cul tures for each peptide combination. To determine the guidance capacity of the fibers, cells were incubated (and fluorescently labeled) with fibers in the same manner, except that the fibers were arranged and aligned on a rectangular coverslip-bottomed Petri dish (Canadian Life Technologies, Burlington, On tario, Canada) and held in place using drops of aga rose at each fiber end. To determine guidance capac ity, the length of the neurite was compared with that of the fiber. Specifically, a confocal microscope was used to determine the direction of neurite outgrowth down the fiber by taking pictures of a single cell at intervals of 1 to 2 jl<m in the vertical direction over the length of the neurite. The place where the neurite first extends from the cell is then given a (0,0,0) co ordinate. The location where the neurite is most in focus on the next picture (1-2 j.Lffi up or down from the last picture) is then given its own coordinate rela tive to the (0,0,0) coordinate that was given to the base of the neurite. In this way, several points fol lowing the path of the neurite down the fiber are found, and the total length traveled by the neurite was calculated by vector addition as shown in Figure  2A . Given the small thickness of the slices that are taken and the large number of data points that are collected, the estimated path that the neurite takes is a nice smooth curve that almost exactly fits the path
Fig 2 Neurite length and angle were calculated to deter mine the guidance capacity of the expanded poly(tetraflu oroethylene) fibers. A comparison of fiber diameter and neurite guidance was done. Top: Neurite length was cal culated by measuring the neurite in three dimensions ev ery 1 to 2 I-Lm llSing a confocal microscope. Bottom: Neurite angle was measured between an imaginary line down the longitudinal axis of the fiber and a line drawn between the cell nucleus and the end of the neurite (or growth cone).
actually taken by the neurite. The total length trav eled was then compared with the horizontal distance traveled by the neurite down the fiber.
The angle at which the neurite extends down the length of the fiber was also measured. The cosines and sines of the angle that the neurite makes with a line drawn parallel to the fiber were calculated. The arctan of the sum of the sines for every neurite di vided by the sum of the cosines for every neurite gives an average angle of extension. Perfectly guided neurites would have an average angle about 0°. Al though Figure 2 only shows two dimensions, the cal culation of neurite length and angle (see Fig 2B) in cluded x, y, and z components.
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Statistics
All statistical analysis was done using Sigma Stat. To determine whether there was a statistically signifi cant difference between the cellular response to dif ferent peptides or fiber diameters, a one-way ANOV A (P > 0.001) and a pair-wise multiple com parison Tukey test with CI'. = 0.050:1.000 were used.
RESULTS AND DISCUSSION E xpanded poly(tetrafluoroethylene) fibers were modified with the ultraviolet-activated mercury ammonia system to yield amine functional groups that served as the reactive handles for peptide modi fication. Cysteine-terminated peptides were coupled to ePTFE-NH 2 fibers by SMCC coupling reagent.
Modified fibers were analyzed by XPS for surface composition and by scintillation counting using ra diolabeled tyrosine (Y) of CYIGSR/CDPGYIGSR for quantification of the peptide concentration on the fi bers. We were confident that the cellular response observed was a function of surface chemistry (and not surface topography), because similarly modified fluoropolymer films had been previously shown to be smooth by scanning electron microscopy.s By comparing the native conformation of laminin pep tide sequences with those calculated when immobi lized on ePTFE fibers, we were able to gain insight to the cellular response observed. The guidance capac ity of the fibers was assessed with DRG neurons for cell adhesion, neurite length, and neurite angle rela tive to fiber length on fibers of three different fiber diameter ranges.
Surface Modified Fibers
X-Ray Photoelectron Spectroscopy
As shown in Table I , the surface composition of ePTFE fibers reflected the modification reaction, with increased nitrogen (and oxygen) after mercat reac tion, followed by further increases in nitrogen, oxy gen, and carbon with peptide modification. To de termine the concentration of amine groups on ePTFE-NH 2 available for reaction with the SMCC peptide-coupling agent, the primary amines were la beled with 2,3,5-trichlorobenzaldehyde. The XPS determined surface concentrations of chlorine were used to calculate the number of amines present on the fibers' surface, assuming that trichlorobenzalde hyde reacted with all available amine groups. From the XPS data, we calculated approximately 0.2 nmol!cm 2 amine groups present on the ePTFE-NH2 surfaces available for peptide modification with the SMCC coupling agent. Based on the peptide XPS composition data, we calculated the I?eptide concen tration at approximately 50 fmol!cm 
Radiolabeling
To gain a greater lUlderstanding of the concentration of each peptide on ePTFE-NH 2 -peptide fibers, the concentration was calculated using I 12s -labeled CYIGSR and CDPGYIGSR. As shown in Table 2 , of the four peptide-coupled surfaces studied CYIGSR, CYIGSR plus CIKVA V, CDPGYIGSR, and CDPGYIGSR plus CQAASIKV A V ePTFE-NH 2 CYIGSR had the greatest peptide concentration of 54 ± 4 fmol/cm 2 , and all surfaces had peptide concen trations within the ranges previously reported.
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Given that 5 fmol/cm 2 CYIGSR was adsorbed to ePTFE-NH 2 controls, the total amount of CYIGSR co 2 valently bound to the ePTFE-NH 2 was 49 fmoll cm • There was no statistical difference in the amount of peptide bOlUld between extended peptide sequences and nonextended sequences (P < 0.05). Although the absolute concentration of peptide is seemingly low (-50 fmol/cm 2 ), we estimate that approximately 80,000 peptides are available under the area occupied by the cell body, assuming circular geometry and a cell body diameter of 20 j.Lffi. Furthermore, using a combination of scintillation and XPS data, we esti mated the ratio of YIGSR/lKVAV at 1.1 to 1.5:1 for ePTFE-NH-CYIGSR plus CIKVAV and 1.1 to 1.4:1 for ePTFE-NH-CDPGYIGSR plus CQAASIKVA V. This translates to surfaces having up to 60% YIGSR and as low as 40% IKVAV.
Extended Peptide Sequences Conformation
To gain a greater appreciation of the bioactivity ex pected of these peptide-modified fibers, we ran com puter simulations on the CAChe program to deter mine the minimum number of amino acids required to create a peptide that mimics the three-dimensional structure of the active YIGSR and IKVA V sequences in their native laminin. The CAChe program deter mines the minimum energy conformation for any molecule based on bonding between the atoms.
As shown in Figure 3 , we found that the ex- tended peptides CDPGYIGSR and CQAASIKV A V both had conformations that mimicked those found in native laminin, which had also been shown by others for CDPGYIGSR. 2o Furthermore, Makohliso and Melchionna 2o noted that the YIGSR peptide structure is primarily caused by hydrogen bonds be tween arginine (R) and aspartic acid (D) peptides. When the aspartic acid was replaced with a lysine, its closest structural homologue, the conformation of the peptide changed dramatically, demonstrating the importance of aspartic acid to peptide conformation.
Makohliso and Melchionna 2o also demonstrated that the conformation of CDPGYIGSR was constant whether in a vacuum or an aqueous solution or at tached to a surface. We assumed that this was true for CQAASIKV A V as well.
Cellular Response
Cell Adhesion and Neurite Extension
Peptide-modified ePTFE fibers were compared for cell adhesion, neurite length, and neurite guidance. Embryonic day 9 chick DRG neurons, which are rela tively homogeneous, were plated from serum-free minimum essential medium onto the peptide modified fibers. The anchorage-dependent DRG neurons were unable to survive on unmodified ePTFE, and only a few were able to survive on ePTFE-NH 2 surfaces, yet several survived and ex tended neurites on ePTFE-NH-peptide surfaces. Fig  ure 4 is a representative image of fluorescently stained neuron adhesion and neurite outgrowth on an ePTFE-NH-peptide fiber. As shown in Table 3 , the average number of neurons adherent to fibers was between 34 and 50 after 24 hours, and there was not a significant change in the number of adherent cells after 48 hours. The greatest number of cells adhered to fibers modified with both extended CDPGYIGSR and CQAASIKV A V sequences, likely as a result of the greatest three-dimensional homology between these extended peptide sequences and their confor mation in native laminin, as elucidated by our com puter simulation data, and the synergistic receptor activation of both peptides on the integrin DRG cell surface membrane receptors. As shown in Table 4 almost a doubling in neurite length between 24 and 48 hours. Consistent with the cell adhesion data, the longest neurites were observed on ePTFE fibers modified with both extended CDPGYIGSR and CQAASIKV A V peptides, likely for the same reasons as elucidated previously.
Guidance Capacity as a Function of Fiber Diameter
Fiber diameter influenced neurite guidance down the length of the fiber. As shown in Table 5 , by com paring the horizontal fiber length with the path length taken by the neurite (measured b~ confocal microscopy), we found that the greatest guIdance (or direction of growth) was observed on fibers with di ameters between 10 and 20 j.Lm, that is, with a num ber closest to 1.0. According to this simple criterion, the guidance capacity between the different fiber di ameters was not statistically different, although, on average, it seemed better on the smaller diameter fibers relative to the larger diameter fibers. The larger the diameter, the less was the curvature of the fiber and the more closely the fiber resembled a flat surface, at least to the growth cone. To gain a greater appreciation for the effect of fiber diameter on neu rite guidance, the angle between the extended neu rite and horizontal fiber length was measured. As summarized in Table 5 , this "angle of extension" in creased with fiber diameter, indicating a more circu itous path taken by the extended neurite on larger diameter fibers and further supporting the direction of growth numbers. Although, together, these data indicate that the 10-to 20-j.Lm fibers are best suited for neurite guidance, as shown in Table 5 , the short est neurites were observed on these small-diameter fibers. These 10-to 20-J.Lffi fibers may have had the shortest neurites because their fiber diameter was, in some cases, less than that of the growth cone and cell body, which may have required reorganization of the cytoskeleton. Because the 30-to 50-j.Lm fibers, relative to the 100-to 125-J.Lffi fibers, demonstrated, on average, better capacity for neurite guidance in terms of direction and angle of extension and equiva lent neurite length, overall, these are the fibers that we would recommend for further studies.
CONCLUSIONS E xpanded poly(tetrafluoroethylene) film surfaces were modified by the mercat reaction, introduc ing amine (among other) functional groups, which allowed peptide modification with SMCC coupling. Although the amount of peptide coupled to the sur face was largely independent of peptide type, those ePTFE fibers modified with both extended CDPGYIGSR and CQAASIKV A V peptides showed the most promising results in terms of cellular re sponse-adhesion and neurite length. Fiber diameter coupled with peptide modification influenced the overall guidance capacity of the neurites. Although the smallest diameter fibers demonstrated the best guidance, the medium-diameter fibers (30-50 mm) demonstrated the overall best results when length of neurite was coupled with the direction and angle of extension of neurites. Overall, this study demon strates the in vitro proof-of-principle for neurite guidance along fibers and lays the foundation for in vivo studies that have a series of fibers included in a tubular construct, which will provide increased sur face area and directional guidance for regenerating axons.
